Nuevo Point, CA, and released offshore in Monterey Bay. After release, the seals returned to instrumentation sites where the data and videos were retrieved. 18. The experimental setup and instrumentation for the dolphin studies are described in (25). The instrument pack was neutrally buoyant and weighed 8 kg in air. Twenty experimental dives from 50 to 110 m were conducted in open water. 19. Blue whale studies used CRIT TERCAM instrumentation (36) attached with a low-profile silicon suction cup (22 cm diameter). The cup released after a predetermined interval through the dissolution of a corrosible magnesium plug. The blue whale (length ϭ 22 to 25 m) had been individually identified photographically during 1990 -98 along the California coast. It was considered an adult of at least 10 years in age. 20. Gliding was defined as periods exceeding 3 to 12 s in which no locomotor movements occurred and flippers or flukes were aligned along the body axis. Deployments involving forward-facing cameras on Weddell seals also used a tail-mounted Ϯ2-g, single-axis accelerometer (Ultramarine Instruments, Galveston, TX ) to assess stroking activity. Head movements of the blue whale were considered indicative of stroke activity because of counter movements of the head and tail in swimming cetaceans (25, 37 Long-range regulatory elements are difficult to discover experimentally; however, they tend to be conserved among mammals, suggesting that cross-species sequence comparisons should identify them. To search for regulatory sequences, we examined about 1 megabase of orthologous human and mouse sequences for conserved noncoding elements with greater than or equal to 70% identity over at least 100 base pairs. Ninety noncoding sequences meeting these criteria were discovered, and the analysis of 15 of these elements found that about 70% were conserved across mammals. Characterization of the largest element in yeast artificial chromosome transgenic mice revealed it to be a coordinate regulator of three genes, interleukin-4, interleukin-13, and interleukin-5, spread over 120 kilobases.
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cycling rate was increased sevenfold to facilitate analyses of the exceptionally slow movements of the whale. 21. R. W. Davis, T. M. Williams, G. L. Kooyman, Physiol. Zool. 58, 590 (1985) . 22. M. A.Castellini, G. L. Kooyman, P. J. Ponganis, J. Exp. Biol. 165, 181 (1992) . 23. F. E. Fish, J. Exp. Biol. 201, 2867 (1998 Long-range regulatory elements are difficult to discover experimentally; however, they tend to be conserved among mammals, suggesting that cross-species sequence comparisons should identify them. To search for regulatory sequences, we examined about 1 megabase of orthologous human and mouse sequences for conserved noncoding elements with greater than or equal to 70% identity over at least 100 base pairs. Ninety noncoding sequences meeting these criteria were discovered, and the analysis of 15 of these elements found that about 70% were conserved across mammals. Characterization of the largest element in yeast artificial chromosome transgenic mice revealed it to be a coordinate regulator of three genes, interleukin-4, interleukin-13, and interleukin-5, spread over 120 kilobases. in an ϳ1-Mb human 5q31 region and determined that the order and orientation of all but one of these genes are conserved in the murine chromosome 11 orthologous region ( Fig. 1) (5-7) . Comparative analysis of these human and mouse sequences (8) focused on discovering distant regulatory sequences in the region, based on the observation that these elements are typically composed of long sequences [Ն100 base pairs (bp) in length] that are highly conserved among mammals (Ն70% identity) (1). A total of 245 conserved elements fitting these criteria was identified, of which 155 overlapped with coding sequences (defined as sequences present in mature RNA transcripts) (9), and the remaining 90 were defined as noncoding (Figs. 1 and 2) (10). Of the 90 conserved noncoding elements, 46% were in introns, 9% were within 1 kb of the 5Ј and 3Ј ends of an identified transcript, and 45% were in intergenic regions Ͼ1 kb from any known gene. Many of the noncoding elements were found in clusters, such as in the intergenic region between organic cation transporter 1 (OCTN1) and P4 -hydroxylase alpha (II ), suggesting that they may be working cooperatively as a functional unit (Fig. 1) . One of the conserved noncoding sequences (CNSs), CNS-7, located in the intergenic region between granulocyte-macrophage colony-stimulating factor (GM-CSF ) and IL-3, had previously been identified experimentally as an enhancer controlling the coregulation of these two cytokines (11). This finding supports the choice of the criteria used in this sequence-based approach to iden-tify biologically relevant noncoding sequences.
Fifteen of the CNSs were assessed for their presence in other vertebrates and their copy number in the human genome. Degenerate primer pairs of the elements were used to amplify genomic DNA of other vertebrates, and the resulting products were sequenced (12). Ten of the elements were highly conserved in at least two mammals in addition to humans and mice ( Fig. 1 and Table 1 ). Twelve elements appeared unique in the human genome, as determined by low-stringency Southern blot hybridizations (13) . Of the noncoding sequences examined, ϳ70% are conserved across mammals and unique in the human genome, features commonly noted in experimentally identified distant regulatory elements (1).
The largest conserved noncoding sequence, CNS-1 (401 bp), which is located in the intergenic region (ϳ13 kb) between IL-4 and IL-13, was chosen for in-depth functional analysis on the basis of several features that suggest it might be a distant regulatory element. CNS-1 demonstrates a high degree of conservation across mammals (ϳ80% identity in mice, humans, cows, dogs, and rabbits) (Table 1) , contrasting sharply with the relatively low conservation observed in the coding regions of the flanking genes, IL-4 and IL-13 (ϳ50% identity between humans and mice) (Fig. 2) . This element is single copy in the human genome and has been conserved during evolution not only with regards to sequence but also to genomic location [mapped in dogs, baboons, humans, and mice to the IL-4 through IL-13 intergenic region (14) ]. Binding sites for transcription factors known to regulate the expression of IL-4 and IL-13 were not found in CNS-1 (15); however, we determined that CNS-1 overlaps with two (T H 2 cell specific) of the eight deoxyribonuclease (DNase) I hypersensitive sites (HSs) previously localized in the IL-4 through IL-13 region (16) (Fig. 2) .
The biological properties of CNS-1 were characterized through the creation and analysis of multiple lines of mice bearing a 450-kb human YAC transgene (Fig. 1 ) either containing or lacking the CNS-1 element. To reduce the uncertainties of comparing different founder lines of transgenic mice, we inserted loxP sites (17) into the YAC transgene flanking the CNS-1 element and introduced this modified YAC into the genome of mice (three separate founder lines were created). To delete the CNS-1 element, we bred the human YAC transgenic mice from each of the founder lines with mice expressing a Cre recombinase transgene (18) . This resulted in the generation of two lines of transgenic mice derived from each founder line, one with a CNS-1-containing YAC transgene (CNS-1 wt ) and one with a YAC transgene in which the CNS-1 element had been deleted (CNS-1 del ). The deletion of CNS-1 was the only rearrangement in the human IL-4 through IL-13 region detected by Southern blot analysis (19) . YAC copy number was the same in the paired CNS-1 wt and CNS-1 del transgenic animals as determined by both Southern blot analysis (19) and fluorescent in situ hybridization (FISH) (Fig. 3) (20) . These findings suggest that the paired CNS-1 wt and CNS-1 del transgenic mice are genetically identical in every aspect except for the presence or absence of the CNS-1 element.
To assess whether CNS-1 affects expression of the human 5q31 cytokines, we isolated highly purified naïve CD4 ϩ T cells from the spleen and lymph nodes of paired CNS-1 wt and CNS-1 del transgenic mice and stimulated the cells in vitro under conditions that favor development of either T H 1 or T H 2 cells (21, 22) . Neither the IL-4 nor IL-13 human transgenes were expressed during T H 1 differentiation in either the CNS-1 wt or CNS-1 del transgenic cells, suggesting that CNS-1 was not required for the repression of these cytokines in T H 1 cells. When T cells were stimulated to promote T H 2 differentiation, the CNS-1 del transgenic cells developed less than half as many human IL-4 -producing cells and less than a third as many human IL-13-producing cells as the CNS-1 wt transgenic mice did (Fig. 4, A and B) however, the amounts produced per cell, assessed by the mean fluorescence intensity, were the same in the paired human CNS-1 wt and CNS-1 del YAC transgenics. The observation that CNS-1 influences the number of T H 2 cells expressing IL-4 and IL-13 but does not influence their levels of expression per cell suggests that this element does not act as a classical enhancer but rather appears to be involved in modulating chromatin structure. Production of human IL-5 was also significantly reduced in the CNS-1 del transgenic cells as compared with the paired CNS-1 wt transgenic cells (Fig. 4C ). The lack of suitable antibodies for flow cytometry detection of human IL-5 precluded us from distinguishing whether the reduced expression of human IL-5 was due to a decrease in the number of cells producing it or due to a decrease in the amounts produced by individual T H 2 cells. All three paired CNS-1 wt and CNS-1 del YAC transgenic lines were examined, and the absence of CNS-1 consistently resulted in a decrease in the number of T H 2 cells expressing human IL-4 and IL-13. Transcript levels of human IL-4, IL-13, and IL-5, as well as the two noninterleukin genes closest to CNS-1, kinesin family member 3A (KIF3A) and RAD50, were quantified in the paired CNS-1 wt and CNS-1 del transgenic mice (23). The mRNA levels of the three human cytokines were reduced in CNS-1 del T H 2 cells, reflecting the differences observed in the protein levels and indicating that CNS-1 acts through its effect on the transcriptional activity of these genes. Expression levels of human KIF3A and RAD50 were essentially the same in the brains, hearts, kidneys, livers, and isolated T H 2 cells of the paired CNS-1 wt and CNS-1 del transgenic mice. RAD50 is a large gene (spanning 87 kb) located between CNS-1 and IL-5 (Fig. 1) . The fact that the CNS-1 del transgenic mice produce substantially less human IL-5, but unaltered amounts of RAD50, suggests that CNS-1 acts over a large genomic interval to specifically affect the expression of T H 2 cellspecific cytokines.
The initial production of murine IL-4 and IL-13 was significantly less in CNS-1 wt transgenic T H 2 cells, whereas at later time points, CNS-1 wt and CNS-1 del transgenic T H 2 cells expressed comparable amounts of these cytokines (Fig. 4, D and E) . Human IL-4 and IL-13 do not modulate murine T H 2 cell development in vitro, as determined with CD4 ϩ T cells from nontransgenic mice (24) . These data indicate that the initial reduction in murine IL-4 and IL-13 production in the CNS-1 wt transgenic cells is probably not due to the expression of the human IL-4 and IL-13 transgenes, suggesting that a competitive interaction may exist between the human CNS-1 element and a transacting murine factor(s). The observation that, at subsequent time points, the murine cytokines are expressed at equivalent levels in CNS-1 wt and CNS-1 del transgenic cells may be due either to alterations in the levels of such putative trans factor(s) with increasing cell division or to preferential expansion or survival of murine IL-4 -and IL-13-producing cells.
Our study illustrates the utility of comparative sequence analysis in the identification of (19) are shown. Similar hybridization patterns were obtained for line 3. distant regulatory elements. Of the 15 human and mouse conserved noncoding elements we examined, most are also present in other mammals. These data, in combination with analysis of the orthologous human 5q31 interval in dogs revealing a strikingly similar pattern of CNS elements (25) , suggest that most of the human and mouse CNS elements we identified have been actively conserved because of a biological function. CNS-1 appears to be involved in gene activation by modulating chromatin structure, a function for which there are no standard in vitro assays, suggesting that this element would have been difficult, if not impossible, to identify with traditional experimental methods. The use of a 450-kb YAC transgene containing eight human genes, each potentially serving as "a reporter," allowed us to determine that CNS-1 regulates some, but not all, of the genes in a large genomic interval (120 kb) on human 5q31. These regulatory features of CNS-1 reveal the complexity of long-range regulatory elements and the power of comparative biology in discovering and deciphering the properties of such elements. 787 (1996) . 4. D. J. Symula et al., Nature Genet. 23, 241 (1999) . 5. Human 5q31 sequence (clones: H14, H13, H23, H11, H16, H21, H18, H15, H24, H17, H26, H25, H81, H22, H20, and H82) was obtained (for a list of human clones submitted to GenBank, see http://www-hgc. lbl.gov/human-p1s.html) and assembled into nine contigs of the following sizes (given in the directionality of centromere to telomere): 380.0, 13.8, 155.3, 106.9, 155.5, 5.4, 8.9, 32.3, and 90 .0 kb. On the basis of the physical map of the region, the eight gaps have estimated sizes of 12, 4, 5, 3, 16, 2, 5, and 5 kb, respectively. Seven mouse chromosome 11 bacterial artificial chromosomes (BACs) were isolated from , and Long chain fatty acyl CoA synthetase 2/KIAA0837 (AF099740/AB020644). Four genes were identified on the basis of GenScan predictions, exact expressed sequence tag (EST) matches, and their similarities to known proteins, and they are referred to as a homolog of the gene to which they had the highest BLASTX score: pMLLT2-homolog (NM_005935), APX-homolog (Q01613), Septin2-homolog (D86957), and Cyclin I-homolog (NM_006835). Of the five genes referred to by their UniGene number, one was identified solely on the basis of an exact UniGene match (Hs.70932), and four were identified by exact UniGene matches in conjunction with GenScan predictions and mouse and human conserved sequences (Hs.11637, Hs.77114, Hs.13308, and Hs.591082) . Two database matches were determined to be pseudogenes: the Lim-domain match ( X93510) was exact but only to the first 98 out of 1130 nucleotides in the mRNA, and the P4 -hydroxylase alpha (II) pseudogene had neither an open reading frame nor an exact matching EST. 8. Alignments between the human and mouse genomic sequences were computed with a dynamic programming method, scoring each nucleotide match as 1, each mismatch as Ϫ1, and each gap of length k as Ϫ6 to 0.2k. The percent identity plot displays the human positions and the percent identity of each segment of the alignment between successive gaps that has a length of at least 40 bp and at least 60% identity.
9. Sequences present in mature mRNAs were computationally identified either by exact GenPept matches or exact UniGene matches combined with partial GenPept matches and/or GenScan predictions of probability scores Ն0.15. Database matches include the 5Ј and 3Ј untranslated regions of mRNAs; therefore, some of the 155 conserved coding sequences, as defined in this study, are not translated. 10. To prevent the inclusion of RNA and RNA pseudogenes in this set of conserved noncoding sequences, we masked all tRNA and most of the known small nuclear RNA genes in the human 5q31 sequence with RepeatMasker. However, because computational screens are biased against RNA genes, it is possible that a fraction of these 90 conserved noncoding elements may actually be transcribed. 11. C. S. Osborne, M. A. Vadas, P. N. Cockerill, J. Immunol. 155, 226 (1995) . 12. Genomic DNA was purchased from Clontech Laboratories (Palo Alto, CA) (catalog numbers dog 6950-1, rabbit 6960-1, rat 6750-1, mouse 6650-1, human 6550-1, porcine 6651-1, bovine 6850-1, and chicken 6852-1). Drosophila melanogaster and Fugu rubripes genomic DNA were isolated with standard methods. Polymerase chain reaction (PCR) amplifications were performed as follows: 100 ng of genomic DNA from each species was mixed with 200 M of each deoxyribonucleoside triphosphate, 1 M of each oligonucleotide primer (5 M for degenerate primers), 5 l of 10ϫ PCR buffer (PerkinElmer), and five units of AmpliTaq DNA Polymerase (PerkinElmer) in a 50-l volume. The samples were amplified under standard PCR reaction conditions in an automated thermal cycler (PerkinElmer 9700) for a total of 35 cycles with the following primer pairs: CNS-1 forward, 5Ј-TGAT T TCTCGGCAGCCAGGGAGGGCC-3Ј; CNS-1 reverse, 5Ј-GGTGCCTGCGTCACCTCTGACCACAC-3Ј; CNS-2 forward, 5Ј-CCTCTCAGCAT T TATCT TGGGC-3Ј; CNS-2 reverse, 5Ј-AGAGCCATAANNGTGT T T-GGG-3Ј; CNS-3 forward, 5Ј-CNAGTNGNTCAGGGC-NNGATGCCCAGG-3Ј; CNS-3 reverse, 5Ј-AAGGGNG-TCTGNTCNTNCTGGAGCCTGCC-3Ј; CNS-4 forward, 5Ј-GCATGAAGNAT TGNTGGCCC-3Ј; CNS-4 reverse, 5Ј-CTCTCTGGCNCTGGAACACC3Ј; CNS-5 forward, 5Ј-ACNGT T T TTNGTGTGCAGCACT-3Ј; CNS-5 reverse, 5Ј-AT TCT T TNAAAACCCCATATC-3Ј; CNS-6 forward, 5Ј-TAGNANAGTGAGGATGTCTG-3Ј; CNS-6 reverse, 5Ј-AAACCCCAGCNCTGGGCAAACAG-3Ј; CNS-8 forward, 5Ј-AAGTAAACNCTGNAAAANNTG-3Ј; CNS-8 reverse, 5Ј-CNCNNAAGTATACT T TGGAATCC-3Ј; CNS-9 forward, 5Ј-TNACTCNCAGTGACTGATNT T TG-3Ј; CNS-9 reverse, 5Ј-ATCNCCTCCNNGTNTCT T TGCAAC-3Ј; CNS-10 forward, 5Ј-CANGATGACTCAGCCAGCACAAG-3Ј; CNS-10 reverse, 5Ј-CCTNNTCTAGGAAATGGGCT-TGC-3Ј; CNS-11 forward, 5Ј-GGCAAANTGTCA- Table 1 . Cross-species sequence analysis of 15 conserved noncoding elements. Human and mouse sequence alignments of each element were inspected, and primer pairs were chosen from the most conserved regions.
Hence, for each CNS, the size of the PCR amplified product(s) is smaller than the size of the element indicated in Fig. 1 
